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Abstract. The present study aimed to investigate the expression 
level of HOX transcript antisense RNA (HOTAIR) in hepa-
tocellular carcinoma (HCC) and its association with various 
clinicopathological characteristics, and to further explore the 
molecular mechanisms of HOTAIR function in HCC. Quantita-
tive reverse transcription‑polymerase chain reaction (RT‑PCR) 
was used to detect the expression level of HOTAIR in 60 paired 
fresh HCC samples and adjacent normal liver tissue samples. 
The association between HOTAIR expression and clinico-
pathological parameters was analyzed. Lentivirus‑mediated 
HOTAIR‑specific small hairpin RNA vectors were transfected 
into HepG2 cells. Cell proliferation and invasion in vitro were 
examined by MTT and Transwell assays, respectively. A xeno-
graft model was used to analyze the tumorigenesis of liver 
cancer cells in vivo. In addition, semi‑quantitative RT‑PCR was 
used to detect the expression level of Wnt/β‑catenin signaling 
molecules under the condition of HOTAIR inhibition. The 
results revealed that the expression level of HOTAIR in HCC 
tissues was higher than that in adjacent non‑cancerous tissues. 
HOTAIR expression was significantly associated with poor 
tumor differentiation (P=0.002), metastasis (P=0.002) and early 
recurrence (P=0.001). In vitro, the inhibition of HOTAIR in liver 
cancer cells resulted in the suppression of cell proliferation and 
invasion. HOTAIR depletion significantly inhibited the rate of 
growth of liver cancer cells in vivo. Furthermore, the expression 
levels of Wnt and β‑catenin were downregulated when HOTAIR 
expression was suppressed. In conclusion, HOTAIR is important 
in the progression and recurrence of HCC, partly through the 

regulation of the Wnt/β‑catenin signaling pathway. Targeting 
HOTAIR may be a novel therapeutic strategy for HCC.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most frequent 
cancer worldwide and is also the third leading cause of 
cancer‑related mortality (1). The World Health Organization 
has estimated that almost 56,400 new cases of HCC occur 
globally per year (2), and the incidence is markedly higher 
in men than in women. The highest liver cancer rates are 
observed in developing countries, particularly in East Asia 
and Malaysia, South Africa and Sub‑Saharan Africa, whereas 
rates are lower in Europe, North and South America, Australia 
and New Zealand (3). HCC may be induced by a number of 
risk factors, including chronic infection with hepatitis B virus 
(HBV) or hepatitis C virus (HCV), hepatic cirrhosis, alcoholic 
liver disease and exposure to aflatoxins (4).

Despite recent advances in surgical treatments and chemo-
radiotherapy, aggressive metastasis and early recurrence still 
result in a high mortality rate among HCC patients (5). To date, a 
number of molecular markers and signaling pathways have been 
identified to be associated with HCC oncogenesis, progression, 
recurrence and survival, including tumor protein P53 (TP53), 
K‑ras mutation (6,7), HBx, Notch 1, Glypican‑3 and osteopontin 
overexpression (7‑10), Wnt/β‑catenin and the phosphoinositide 
3‑kinase/protein kinase B/mammalian target of rapamycin 
signaling pathways (11,12). However, the exact mechanism of 
HCC has not been fully established. Therefore, a better under-
standing of the molecular mechanisms underlying HCC may 
contribute to the development of novel strategies for prediction, 
diagnosis and therapy.

Long non‑coding RNAs (lncRNAs) are non‑protein‑coding 
transcripts of >200 nucleotides (13). A recent study found that 
the human genome consists of at least four times more lncRNA 
sequences than coding RNA sequences (14). The majority of 
lncRNAs demonstrated to be functional are involved in the regu-
lation of gene transcription, post‑transcriptional regulation and 
epigenetic regulation, such as genomic imprinting and X‑inacti-
vation (15‑17), and are closely associated with numerous human 
diseases, including cancer (18,19). The lncRNA HOX transcript 
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antisense RNA (HOTAIR), a human gene located on chromo-
some 12, is expressed from the HOXC locus and is important in 
the transcriptional regulation of various genes (20). The 5' end of 
HOTAIR interacts with and induces the genome‑wide retargeting 
of Polycomb Repressive Complex 2 (PRC2), which combines 
with HOTAIR to silence the transcription of the HOXC locus, 
and promotes metastasis of breast cancer by silencing multiple 
metastasis suppressor genes (21). The 3' end of HOTAIR interacts 
with lysine‑specific histone demethylase 1A (22). Furthermore, 
recent studies have reported that HOTAIR is highly expressed 
and associated with poor prognosis in a number of types of 
cancer, including breast cancer, epithelial ovarian cancer, 
pancreatic cancer, colorectal cancer, non‑small‑cell lung cancer 
and endometrial carcinoma (21,23‑27).

The objective of the current study was to investigate the 
expression of HOTAIR in HCC and to further explore its 
clinical significance and molecular mechanisms. Paired 
fresh HCC samples and adjacent normal tissues were used 
to examine the expression level of HOTAIR and analyze the 
association between HOTAIR expression and clinicopatho-
logical characteristics. Furthermore, a lentivirus‑mediated 
RNA interference method was utilized to investigate the role 
and molecular mechanism of HOTAIR in HCC progression.

Materials and methods

Patients and tissue samples. The patients enrolled in the 
study were diagnosed with primary HCC and underwent 
partial liver resection between January and September 2012 
at Chinese People's Liberation Army (PLA) General Hospital 
(Beijing, China). A total of 60 paired samples of HCC and 
non‑cancerous tissue were obtained from the resected tumors 
and adjacent normal liver tissues of the patients, and were 
immediately frozen in liquid nitrogen and stored at ‑80˚C 
until use. This study was approved by the ethics committee 
of Chinese PLA General Hospital (LREC 2012/40) and the 
protocol was conducted with the prior written informed consent 
of all patients. All samples were confirmed independently by 
two pathologists, and the clinicopathological characteristics 
were documented and are described in detail in Table I.

RNA extraction, reverse transcription (RT) and quantita‑
tive (q) polymerase chain reaction (PCR). Total RNA from 
frozen HCC and paired non‑cancerous tissues or cell lines 
were extracted with the Ultrapure RNA Kit (CWBio, Co., 
Ltd., Beijing, China) according to the manufacturer's instruc-
tions. cDNA was synthesized by reverse transcribing the total 
RNA using a HiFi‑MMLV cDNA Kit (CWBio, Co., Ltd.). The 
expression level of HOTAIR was detected by qPCR using 
the Ultra SYBR Mixture with ROX (CWBio, Co., Ltd.) and 
ABI7500 system (Applied Biosystems Life Technologies, 
Foster City, CA, USA). Template cDNA (2 µl) was mixed 
with 25µl 2X UltraSYBR Mixture with ROX, 2 µl primers 
and RNase-free water. β‑actin was used as an internal control 
and HOTAIR values were normalized to β‑actin. The primer 
sequences (Invitrogen; Thermo Fisher Scientific, Waltham, 
MA, USA) used were as follows: HOTAIR forward, 5'‑GCA​
GTA​GAA​AAA​TAG​ACA​TAG​GAGA‑3', and reverse, 5'‑ATA​
GCA​GGA​GGA​AGT​TCA​GGC​ATTG‑3'; β‑actin forward, 
5'‑ACT​TAG​TTG​CGT​TAC​ACC​CTT‑3', and reverse, 5'‑GTC​

ACC​TTC​ACC​GTT​CCA‑3'. HOTAIR cDNA was amplified 
under the following conditions: Initital denaturation at 95˚C 
for 5 min followed by 30 cycles of denaturation at 95˚C for 
30 sec and primer annealing at 55˚C for 30 sec, with a final 
extension step at 72˚C for 60 sec. Expression levels were calcu-
lated using the 2-ΔΔCT method (28) and were normalized to that 
of the housekeeping β-actin gene.

HOTAIR siRNA lentiviral expression vector. The RNA interfer-
ence sequence for human HOTAIR (Gene ID, 100124700) was 
obtained from a previous article (21). The small interfering RNA 
(siRNA) sequences were as follows: HOTAIR, 5'‑UAA​CAA​
GAC​CAG​AGA​GCU​GUU‑3'; negative control (NC), 5'‑TTC​
TCC​GAA​CGT​GTC​ACGT‑3'. The oligonucleotides encoding 
short hairpin RNA (shRNA) were then constructed and synthe-
sized by Shanghai GenePharma Co., Ltd. (Shanghai, China) 
and annealed into double strands by Annealing Buffer for RNA 
Oligos (Beyotime Institute of Biotechnology, Haimen, China). 
Following digestion with BamHI and EcoRI restriction endo-
nucleases (TransGen Biotech, Inc., Beijing, China), the double 
stranded DNA molecules were inserted into pGCSi‑neo‑GFP 
lentiviral vector (lentiviral plasmid and packaging vectors 
were provided by Dr Xiao-Lei Li from the Department 
of Molecular Biology of Chinese PLA General Hospital). 
All of the constructed plasmids were confirmed by DNA 
sequencing. pGCSi‑neo‑GFP‑HOTAIR‑shRNA/NC‑shRNA 
plasmid DNAs, along with packaging vectors, were transiently 
transfected into HEK293T (American Type Culture Collec-
tion, Manassas, VA, USA) cells using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific) according to the 
manufacturer's instructions. At 48 h after transfection, super-
natants containing lentivirus were collected and purified by 
ultracentrifugation at 70,000 x g at 4˚C for 2 h. The titer of the 
lentivirus was detected using Lentivirus‑Associated HIV p24 
ELISA Kit (Cell Biolabs, Inc., San Diego, CA, USA).

Cell culture and lentiviral infection. Human liver cancer 
HepG2 cells were purchased from the American Type Culture 
Collection and maintained in the research center from the 
Department of Gastroenterology in Chinese PLA General 
Hospital. Cells were maintained in Dulbecco's modified 
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific) 
supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific) and penicillin‑streptomycin (MP 
Biomedicals, Santa Ana, CA, USA) at 37˚C in an atmosphere 
of 5% CO2. For transfection, well‑cultured cells were seeded 
into a 6‑well plate at a density of 1x105 cells/well for 24 h. 
Subsequently, lentivirus containing shRNA targeting HOTAIR 
or NC shRNA was added into the medium and incubated for 
24 h. After replacing the culture medium of each well, cells 
were incubated for a further 48 h. qPCR was performed to 
detect the interference efficiency of the HOTAIR shRNA.

MTT assay. For cell proliferation assays, HepG2 cells stably 
transfected with HOTAIR shRNA or NC shRNA were digested 
with 0.25% trypsin (Boster Inc., Wuhan, China), seeded into 
96‑well plates at a density of 1,000 cells/well in a final volume 
of 100  µl, and maintained in DMEM supplemented with 
10% FBS. At different time points (24 h, 48 h, 72 h, 4 days, 
5 days, 6 days or 7 days after plating), 10 µl MTT solution 
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(Sigma‑Aldrich, St. Louis, MO, USA) was added to each well, 
and cells were incubated for an additional 4 h at 37˚C. The blue 
formazan crystals were dissolved in 100 µl dimethyl sulfoxide 
(Origen Bioedical, Austin, TX, USA), and the absorbance 
was measured at 490 nm using a microplate reader (ELx800; 
BioTek Instuments, Inc., Winooski, VT, USA).

Transwell assay. A Transwell assay was performed to assess 
the invasiveness of HepG2 cells by using chambers with an 

8.0 µm transparent polyethylene terephthalate membrane in 
24‑well plates (Corning Incorporated, Corning, New York, 
NY, USA). Cells (2x105 per chamber) were seeded into the 
upper chambers in 200 µl serum‑free DMEM, and 500 µl of 
DMEM with 10% FBS was added to each lower chamber. 
Three duplicate wells were performed for each group. After 
12 h, the unfiltered cells at the top surface of the membrane 
were gently removed with cotton swabs. The cells that had 
passed through the filters were fixed in methanol for 15 min 

Table Ⅰ. Association between HOTAIR expression and clinicopathological parameters in hepatocellular carcinoma patients (n=60).
 
	 HOTAIR expression, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 n	 High (n=36)	 Low (n=24)	 χ2	 P‑value
 
Gender				      0.082	 0.775
  Male	 42	 25	 17
  Female	 18	 10	 8
Age (years)				      0.866	 0.352
  <50	 22	 10	 12
  ≥50	 38	 22	 16
Tumor size (cm)				      0.431	 0.512
  ≤5	 22	 12	 10		
  >5	 38	 24	 14		
Tumor number				      3.386	 0.066
  Solitary	 42	 22	 20		
  Multiple	 18	 14	   4		
Serum α‑fetoprotein (µg/l)				      2.188	 0.139
  <400	 32	 22	 10		
  ≥400	 28	 14	 14		
Peritumoral tissue				      3.103	 0.078
  Non‑cirrhotic	   2	   0	   2		
  Cirrhotic	 58	 36	 22		
Tumor differentiation				    12.198	 0.002a

  Well	   6	   0	   6		
  Moderate	 28	 16	 12		
  Poor	 26	 20	   6		
TNM stage				      6.389	 0.094
  Ⅰ	 12	   4	   8		
  Ⅱ	   6	   4	   2		
  Ⅲ	 30	 18	 12		
  Ⅳ	 12	 10	   2		
Vessel embolus				      3.403	 0.065
  Negative	 48	 26	 22		
  Positive	 12	 10	   2		
Metastasis				    10.000	 0.002a

  Negative	 48	 24	 24		
  Positive	 12	 12	   0		
Early recurrence (<2 years)				    11.250	 0.001a

  Negative	 40	 18	 22		
  Positive	 20	 18	   2		
 
HOTAIR, HOX transcript antisense RNA; TNM, tumor‑node‑metastasis. aStatistically significant.
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and stained with hematoxylin (OriGene China, Beijing, China) 
for 20 min, air‑dried and photographed (Olympus Stream Image 
Analysis Software; Olympus Corporation, Tokyo, Japan). The 
invasive cells were counted under a microscope (magnification, 
x200; CX31; Olympus Corporation) in five randomly selected 
visual fields.

Xenograft model. To examine the ability of tumor formation 
in vivo, the cell lines stably transfected with HOTAIR shRNA 
or NC shRNA were injected into nude mice. Ten four‑week‑old 
BALB/c male nude mice were purchased from the Vital 
River Laboratories (Beijing, China) and randomly assigned to 
two groups. All nude mice were bred and maintained at the 
the Vital River Laboratories (Beijing, China) under specific 
pathogen‑free conditions. The research program, objective and 
animal use protocol were reviewed and approved by the Animal 
Ethical and Welfare Committee of Tsinghua University. Cell 
suspension (100 µl) containing 1x107 HepG2‑HOTAIR‑shRNA 
or HepG2‑NC‑shRNA cells was injected subcutaneously into 
the back of each nude mouse. The tumor size and weight of the 
mice were measured every 4 days from the 8th day following 
injection. On the 28th day following injection, all mice in the two 
groups were sacrificed by cervical dislocation and the primary 
tumors were removed from each mouse. Tumor size and tumor 
weight were measured and recorded. The tumor volume was 
calculated according to the following formula: Tumor volume 
= length x width2 x π/6 (29).

Semi‑quantitative RT‑PCR. Semi‑quantitative RT‑PCR was 
performed to assess the mRNA expression levels of Wnt and 
β‑catenin in tumor tissues from nude mice. The methods for 
RNA extraction and RT were performed using the aforemen-
tioned method. 2X Taq MasterMix (CWBio, Co., Ltd.) was used 
to amplify the cDNA. The PCR cycling parameters (30 cycles) 
were as follows: Predenaturation (95˚C, 5 min), denaturation 
(95˚C, 30 sec), annealing (55˚C, 30 sec) and extension (72˚C, 
60 sec). GAPDH was used as an internal control. The RNA 
primers (Invitrogen; Thermo Fisher Scientific) used in the PCR 
were as follows: Wnt forward, 5'‑GGA​GTT​GTA​TTT​GCC​ATC​
ACC​AGGG‑3', and reverse, 5'‑ATG​CGC​GGG​CAA​ATT​TGA​
TCC​CATA‑3'; β‑catenin forward, 5'‑ACA​AGC​CAC​AAG​ATT​
ACA​AGA​AACGG‑3', and reverse, 5'‑CCA​CCA​GAG​TGA​
AAA​GAA​CGA​TAGCT‑3'; GAPDH forward, 5'‑TGG​AGT​CTA​
CTG​GCG​TCTT‑3', and reverse, 5'‑TGT​CAT​ATT​TCT​CGT​
GGT​TCA‑3'. The PCR products were assessed by 1.5% agarose 
gel electrophoresis. Expression levels were calculated using the 
2-ΔΔCT method (28) and were normalized to that of the house-
keeping β-actin gene

Statistical analysis. All statistical analyses were performed 
using SPSS version 20.0 statistical software package (IBM 
SPSS, Armonk, NY, USA) or GraphPad Prism version 5.0 
(GraphPad Software, Inc., La Jolla, CA, USA). A χ2 test was 
used to assess the association between HOTAIR expression 
level or tumor recurrence and clinicopathological character-
istics. Comparisons of quantitative data between two groups 
were analyzed by an independent‑samples t‑test. Spearman's 
correlation test was used to analyze the correlation between 
HOTAIR expression level and clinicopathological factors. All 
experiments were repeated independently three times and data 

are presented as the mean ± standard deviation. P<0.05 was 
considered to indicate statistical significance.

Results

Increased expression of HOTAIR in HCC. To examine the 
expression level of the lncRNA HOTAIR in HCC and its 
association with clinical progression of HCC, HOTAIR expres-
sion was detected in 60 paired fresh HCC tissues and adjacent 
non‑cancerous tissues using qPCR. The results revealed that 
HOTAIR expression was increased at least 2‑fold relative to 
that in non‑cancerous samples in 36 (60%) HCC samples; the 
mean expression level of HOTAIR in HCC samples was 5.7‑fold 
higher than the mean level in the adjacent non‑cancerous tissue 
samples (P=0.014, t‑test; Fig. 1A).

Correlation between HOTAIR expression and clinicopatho‑
logical parameters of HCC. The association between HOTAIR 
expression and the clinicopathological characteristics of patients 
with HCC was assessed (Table I). Significant associations were 
identified between the HOTAIR expression and a number of 
clinicopathological parameters that represent higher tumor 
burdens, including poor tumor differentiation (P=0.002), metas-
tasis (P=0.002) and early recurrence (within 2 years; P=0.001). 
Statistical analyses revealed no association between HOTAIR 
expression and tumor size, tumor number, serum α‑fetoprotein 
level, cirrhosis, tumor‑node‑metastasis (TNM) stage (30) or the 
presence of vessel emboli. Spearman's rank correlation coef-
ficient analysis revealed that a high expression level of HOTAIR 
was strongly correlated with tumor differentiation (r=0.391, 
P=0.002), TNM stage (r=0.293, P=0.023), metastasis (r=0.408, 
P=0.001) and early recurrence (r=0.433, P=0.001) (Table II). 
Taken together, these observations indicated that increased 
HOTAIR expression is associated with HCC progression and 
early recurrence.

Downregulation of HOTAIR inhibits proliferation of HepG2 
cells. As the clinical data indicated that the expression level of 
HOTAIR was closely associated with human HCC progression, 

Table Ⅱ. Spearman rank correlation coefficient analysis between 
HOTAIR expression level and clinicopathological factors.

	 Relative HOTAIR expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Correlation coefficient	 P‑value
 
Tumor size (cm)	 0.085	 0.520
Tumor number	 0.238	 0.068
Serum α‑fetoprotein (µg/l)	‑ 0.191	 0.144
Peritumoral tissue cirrhosis	 0.227	 0.081
Tumor differentiation	 0.391	 0.002a

TNM stage	 0.293	 0.023a

Vessel embolus	 0.238	 0.067
Metastasis	 0.408	 0.001a

Early recurrence (<2 years)	 0.433	 0.001a 

TNM, tumor‑node‑metastasis. aStatistically significant.
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Figure 1. (A) Expression of HOTAIR in 60 paired HCC and adjacent non‑HCC tissues detected by quantitative PCR. Bars represent mean ± standard deviation; 
*P<0.05 vs. NC (Student's t‑test). (B) Interference efficiency of HOTAIR in HepG2 cells. **P<0.01 vs. NC (Student's t‑test). (C) Effect of HOTAIR silence on cell 
proliferation assessed my MTT assay. HepG2 cells treated with siHOTAIR exhibited a marked inhibition in cell growth compared with cell treated with siNC; 
**P<0.01 vs. NC (Student's t‑test). (C) Transwell invasion assays were applied to assess for cell invasion ability, revealing that downregulation of HOTAIR inhibits 
invasion in HepG2 liver cancer cells (crystal violet staining; magnification, x200); bars represent mean ± standard deviation; *P<0.05 vs. NC (Student's t‑test). 
HCC, hepatocellular carcinoma; HOTAIR, HOX transcript antisense RNA; OD, optical density; NC, negative control.

Figure 2. Expression of HOTAIR regulates tumorigenicity of liver cancer cells in xenograft models. (A) Tumor growth curves in nude mice from two groups. 
Tumors in the siHOTAIR group grew markedly slower than siNC group (*P<0.05). (B) The mean tumor weights were markedly reduced in siHOTAIR 
group vs. siNC group (**P<0.01). (C) Four mice with primary tumors from each group were photographed prior to sacrifice. HOTAIR, HOX transcript antisense 
RNA; NC, negative control.

  A   B   C

  A   B

  C

  D
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the effect of HOTAIR on the proliferation of liver cancer cells 
was investigated. The constructed lentiviral vectors designated 
siHOTAIR and siNC were transfected into HepG2 liver cancer 
cells, and the interference efficiency was detected by qPCR 
following transfection for 72 h. As shown in Fig. 1B, the expres-
sion level of HOTAIR was significantly downregulated by 95% 
in siHOTAIR cells compared with NC cells (P<0.001).

An MTT assay was performed to examine the effect 
of HOTAIR on liver cancer cell proliferation. The results 
revealed that the cell proliferative ability of siHOTAIR stably 
transfected cells was markedly inhibited compared to the NC 
cells (Fig. 1C). These data indicate that HOTAIR is important 
in liver cancer cell proliferation in vitro.

Inhibition of HOTAIR reduces invasiveness of HepG2 cells. 
A Transwell assay was used to assess the effect of HOTAIR on 
the invasive ability of liver cancer cells. The results revealed that 
the number of cells that passed through the filters was signifi-
cantly decreased in the siHOTAIR group compared with that 
of siNC group (Fig. 1D). Statistical analysis indicated that the 
difference between two groups was significant (P=0.049). This 
finding demonstrated that increased expression of HOTAIR 
may enhance liver cancer cell invasiveness in vitro.

HOTAIR expression regulates the tumorigenicity of HepG2 
cells. To further determine whether HOTAIR expression could 
promote HCC progression and enhance the tumorigenicity of 
liver cancer cells, an in vivo tumor model was used. Using a 
shRNA lentiviral knockdown system, two stable cell lines, 
HepG2‑siHOTAIR and HepG2‑siNC, were generated and 
injected subcutaneously into the backs of nude mice (n=5 per 
group). Tumor volumes were measured every 4 days until the 
28th day following injection. As shown in Fig. 2A, tumors 
from HepG2‑siNC cells grew faster than tumors formed 
from siHOTAIR cells. In addition, the mean tumor weight in 

HepG2‑siHOTAIR group was significantly lower compared 
with that from the HepG2‑siNC group (Fig. 2B). Four mice 
from each group were photographed and tumor size in the 
siHOTAIR group was observed to be markedly smaller than 
that in the NC group (Fig. 2C). These in vivo results were 
consistent with the findings of the in vitro experiments, and 
suggested that HOTAIR regulates liver cancer cell prolif-
eration, invasion and the tumorigenic ability, and may play an 
important role in HCC progression.

HOTAIR regulates Wnt/β‑catenin mRNA expression. Tumor 
models of the nude mice from the two groups (5 per group) 
were used to detect the mRNA expression levels of Wnt and 
β‑catenin under the condition of HOTAIR inhibition using 
semi‑quantitative RT‑PCR. The interference efficiency of 
HOTAIR in these tumor models was confirmed by qPCR 
(Fig. 3A). As shown in Fig. 3B, in the siHOTAIR group, the 
expression levels of Wnt and β‑catenin were markedly reduced 
compared with those of the NC group. These data indicate that 
HOTAIR may regulate Wnt/β‑catenin expression alone or in 
combination with other molecules by an unknown mechanism 
that merits further study.

Discussion

HCC is a significant health problem worldwide, with high 
rates of incidence and mortality (2). Accumulative, long‑term 
interactions between environmental and genetic factors lead 
to the occurrence and progression of HCC (31). Although a 
number of tumor suppressor genes and oncogenes, including 
KRAS, PTEN and TP53, have been identified to be involved 
in HCC progression  (6,7,32), the molecular mechanism 
of HCC is not completely understood. In recent years, the 
focus of tumor research has expanded to investigate the 
potential tumor suppressive or oncogenic functions of 
lncRNAs (33,34).

HOTAIR is an oncogenic lncRNA that has been found 
to interact with PRC2 to epigenetically regulate chromatin 
state and multiple target genes (21). Recently, accumulating 
evidence has demonstrated that HOTAIR is dysregulated 
in various types of cancer. Gupta et al  (21) reported that 
HOTAIR is highly expressed in metastatic breast cancer and 
its high expression in primary breast tumors is a significant 
predictor of subsequent metastasis and mortality (21). In a 
similar manner, increased HOTAIR expression may also 
indicate poor prognosis and promote metastasis in non‑small 
cell lung cancer  (25), epithelial ovarian cancer  (27) and 
colon cancer (23).

In the current study, the expression level of HOTAIR 
in HCC tissues versus adjacent non‑cancerous tissues was 
examined by quantitative RT‑PCR, and its clinical implica-
tions were investigated. The results revealed that HOTAIR 
expression was at least 2‑fold higher in 60% of HCC samples, 
and the extent of the increase ranged from 2‑ to 46‑fold 
(mean, 5.7‑fold). With regard to clinicopathological signifi-
cance, HOTAIR expression levels were closely associated 
with tumor differentiation (P=0.002), metastasis (P=0.002) 
and early recurrence (P=0.001). Furthermore, a Spearman's 
rank correlation coefficient analysis revealed that high 
HOTAIR expression was linked to poor tumor differentiation 

Figure 3. (A) Relative expression levels of HOTAIR in primary tumors from 
nude mice detected by quantitative PCR. (B) The expression level of Wnt 
and β‑catenin were examined in primary tumors by semi‑quantitative PCR.  
HOTAIR, HOX transcript antisense RNA; NC, negative control; PCR, poly-
merase chain reaction.

  A

  B
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(r=0.391, P=0.002) and advanced TNM stage (r=0.293, 
P=0.023) and predicted a greater tendency for metastasis 
(r=0.408, P=0.001) and early recurrence (r=0.433, P=0.001). 
From these data, we hypothesize that HOTAIR participates in 
the development and progression of HCC. As certain clinico-
pathological characteristics, including tumor differentiation, 
TNM stage, metastasis and recurrence, always indicate poor 
prognosis, HOTAIR may be a predictor of poor prognosis in 
HCC patients, warranting further research.

Previous reports have suggested that HOTAIR may regu-
late cell proliferation, migration and invasion in a variety 
of tumor cell types (35‑37). In endometrial carcinoma, the 
overexpression of HOTAIR increases the malignant poten-
tial of tumor cells in vitro and in vivo (24). The knockdown 
of HOTAIR lncRNA suppresses tumor invasion in gastric 
cancer cells and reverses the epithelial‑mesenchymal transi-
tion (38). To explore the biological function of HOTAIR in 
HCC progression, a lentivirus‑mediated shRNA expression 
system capable of interfering with HOTAIR expression in 
HepG2 cells was developed in the present study. The data 
demonstrated that knockdown of HOTAIR significantly 
suppressed the proliferation and invasion of HepG2 cells 
in vitro, and effectively reduced the oncogenicity of liver 
cancer cells HepG2 in vivo. Taken together, these data indi-
cate that high levels of HOTAIR may promote the progression 
of liver cancer cells; this mechanism remains to be explored.

The Wnt/β‑catenin signaling pathway is a group of signal 
transduction pathways, which was first identified for its role in 
carcinogenesis and has been demonstrated to promote tumor 
development in multiple types of human cancer. Ge et al (39) 
found that HOTAIR is able to directly reduce the expression of 
Wnt inhibitory factor 1, activating the Wnt/β‑catenin signaling 
pathway; this clarified one of the molecular mechanisms 
underlying progression and metastasis in esophageal squa-
mous cell carcinoma, and may represent a novel therapeutic 
target in these patients (39). The present study examined the 
expression of Wnt and β‑catenin in neoplasms of the nude 
mice from two groups. The results revealed that the mRNA 
expression level of Wnt and β‑catenin were repressed when 
HOTAIR was silenced. Emerging evidence has demonstrated 
that the Wnt/β‑catenin signaling pathway plays a key role 
during HCC genesis and development, and may be a thera-
peutic target in human HCC (40,41). We hypothesize that 
HOTAIR may influence carcinogenesis partially through 
activating and cooperating with the Wnt/β‑catenin signaling 
molecules in HCC. However, further research is necessary to 
clarify the exact mechanism of HOTAIR in HCC.

In conclusion, the present study demonstrated that 
HOTAIR expression is upregulated in the majority of HCC 
tissues, and is closely associated with tumor differentiation, 
metastasis and early recurrence in HCC patients. Furthermore, 
the overexpression of HOTAIR promotes HCC progression 
partly by activating the Wnt/β‑catenin signaling pathway. 
Thus, downregulating HOTAIR by interference may serve as 
a promising therapeutic strategy for the treatment of HCC.
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